Recent studies provide ample evi-nature. The information they are based dence that predator-prey interactions are on does not allow a mechanistic interpreof major significance in structuring fresh-tation of zooplankton community strucwater zooplankton communities (see Hall ture. For instance, while it is well docuet al. 1976) . Vertebrate planktivores (fish mented that large herbivores disappear and salamanders) feed visually and re-when vertebrate planktivores are intromove the largest and most conspicuous duced to a community, no data exist to zooplankton (Brooks 1968 ; Werner and determine whether their extinction is en Hall 1974; Zaret and Kerfoot 1975 ; tirely a result of direct removal by ver-O' Brien et al. 1976 ); invertebrate preda-tebrates. It is possible that vertebrates, tors (predaceous copepods and rotifers, through their effects on the rest of the midge larvae, and Leptodora) cannot community, may impose other deleterihandle the large herbivores but prey ex-ous conditions on the large herbivores tensively on small species (Dodson (e.g. increased competition with newly 1974a; Fedorenko 1 9 7 5~; Kerfoot 1977) ; established smaller herbivores). Furtherwhen vertebrates are present the larger, more, there is no direct evidence that inmore conspicuous invertebrate predators vertebrate predation can be sufficient to are replaced by smaller, less conspicuous cause extinction of small herbivores. Fiones (Dodson 1970, 1 9 7 4~) .
nally, the role of herbivore competition These generalizations form the bases in structuring zooplankton communities for recent conceptual models of zoo-is poorly understood (Lynch 1977a) , and plankton community structure (Dodson nothing is known about competition be1974a; Zaret in prep.). However, despite tween invertebrate predators. their success at predicting the distribuTo eliminate these ambiguities in intion of different zooplankton species, terpreting zooplankton community structhese models are phenomenological in ture, I examined simultaneously the predatory and competitive interactions in the community of a small Minnesota Contribution 172 from the Limnological Re-pond. Here I report on the mechanisms search Center, University of Minnesota.
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Methods
Pleasant Pond (about 0.25 ha; max depth, 2.5 m) is about 10 km north of St. Paul, Minnesota. The basin, which was dug about 1955, has no inlet or outlet and lies in a sandy outwash plain of glacial origin. One side is bordered by a gravel road but otherwise the pond is surrounded by oak forest and some secondary growth. The pond was completely devoid of fish at the beginning of this study (June 1975) and remained so until summer 1976. It has natural populations of salamanders (Necturus maculosus) and painted turtles (Chrysemys picta), but I found no evidence that they were significant predators on zooplankton.
From 15 June to 25 July 1975 several enclosures were suspended from wooden floats in the pond. Twelve 1-m-diameter polyethylene bags (1.8 m d e e p and closed at the bottom) were filled with surface water and stocked with five different densities of bluegill sunfish (Lepomis macrochirus) in duplicate (leaving two controls). Two of the fish enclosures were destroyed during the experiment, and fish escaped from two others. Therefore, the results for only eight of these enclosures are considered here (Table 1) . In addition to bags 1and 7, bag 2 is treated as a control in the following discussion since its one fish lived for only 5 days.
The control bags provided an effective test of the effects of Chaoborus predation on the zooplankton community in the pond. Since most Chaoborus were near the bottom of the pond while the bags were being filled, they were effectively excluded from the enclosures. Only after midge eggs began to hatch in the bags in the middle of July did Chaoborus begin to increase, and even then it was much more numerous in the pond itself.
On 27 April 1976, the pond was divided in half with a double curtain of nylonreinforced polyethylene film weighted firmly in the sediments with steel chain (0.95cm) and held about 25 cm above the surface by cable and styrofoam floats. The north half (hereafter Pleasant Pond North or PP N) was stocked with 10,000 walleye (Stixostedion uitreum) fry (aged 1day) on 5 May. Although we seined the pond extensively throughout summer, we neither saw nor captured a walleye. In early October, the Minnesota Department of Natural Resources intensively trap-netted Pleasant Pond North for 2 days and captured 306 fish (total weight, 7.7 kg).
On 5 June 1976 several mature fathead minnows (Pimephales promelas) were noticed in the center of the southern half of the pond (Pleasant Pond South or PP S). These minnows were extremely pro-lific. By 1 3 June, schools of newly hatched minnows were visible near the shore, and by 3 July many schools were swimming through the center of the pond. On 7 June, a sampling of a 19-m2 area with a 3-mm-mesh seine yielded 20 minnows (avg length, 2 cm). A second sampling on 3 August yielded about 500 minnows (avg length, 4 cm). The origin of these fish is unknown. However, since neither these nor any other species invaded PP N and since very few walleye survived, we had a useful whole pond experiment, even though it was not as originally designed.
Zooplankton were sampled weekly throughout summer by vertical tows (duplicates in the pond, single in the enclosures) with a Wisconsin net (15-cm-diameter opening, 64-pm netting). The average coefficients of variation for four samplings on three occasions were 0.36 for cladocerans, 0.45 for nauplii, 0.59 for copepodites and adult copepods, and 0.59 for rotifers. All samples were immediately fixed with Formalin and sucrose (Haney and Hall 1973) to prevent loss of eggs; pond samples were anesthetized with carbonated water before fixing to prevent evacuation of the guts.
At least two 1-ml subsamples were counted in entirety under lOOx to determine zooplankton abundance. Adult copepods and copepodites were identified and grouped together. All other individuals, except for a few rotifers, were identified to species. All Chaoborus within a sample were counted but not differentiated into instars.
In addition, for the cladocerans, sizefrequency distributions were determined by measuring (to the nearest 0.01 mm) 50 random individuals of each species from the anterior margin of the head to the base of the tail spine. Mean clutch sizes were determined for size classes for which at least three separate measurements were available; usually these were means of from 15 to 30 individuals. Egg volumes were estimated by measuring the long and short axes of newly developed eggs under 200x and using the formula for an oblate spheroid.
Instantaneous birth and death rates were estimated from egg:female ratios from a random sample of 50 individuals (Paloheimo 1974) . Egg development times were taken from Knutson (1970) for Daphnia pulex, Kwik and Carter (1975) and Hall et al. (1970) for Ceriodaphnia reticulata, and Kwik and Carter (1975) and Kerfoot (1974) for Bosmina longirostris.
Larger invertebrates (insects, hydracarinids) were sampled biweekly in both halves of the pond in 1976. Twenty to forty vertical hauls were taken with a 30-cm-diameter cylinder with a bottom of 1.5-mm screening. Since these predaceous invertebrates are rapid swimmers, this sampling technique underestimates actual densities.
Seine hauls on 7 June and 3 August 1976 provided samples of vertebrates for stomach analyses. Pimephales and Necturus were netted at midday, fixed immediately in Formalin, and stored at 4°C. Pimephales was measured from the anterior margin of the snout to the fork of the caudal fin, Necturus from the snout to the posterior edge of the vent. Complete stomach contents of all animals examined were identified and counted under 4 0~ magnification.
In August 1976 several laboratory experiments were done to estimate the relative vulnerability of the herbivore species to Chaoborus predation. Chaoborus americanus was collected from Williams Pond (a nearby pond with similar community structure), since the species was rare at that time in Pleasant Pond, and B. longirostris from Loch Loso (a similar pond, but having dense populations of planktivorous fish). All other prey species were taken from PP N. Only those D. pulex <1.5 mm were used; all of the Diaptomus clavipes were adults (about 2.5 mm long); C . reticulata and B. longirostris were chosen randomly with respect to size. No oviparous individuals were used. Predation experiments were done in amber bottles at the prevailing temperature and 1ight:dark cycle in Pleasant Pond water filtered through 64-pm netting. Two fourth instar Chaoborus were enclosed per chamber with variable numbers and types of prey; after 24 h, the samples were fixed with Formalin, and all remaining prey items counted. Those prey missing or reduced to chitinous balls were considered eaten. In triplicate controls without Chaoborus, only one of thirty Daphnia, Ceriodaphnia, and Diaptomus died. Similar experiments were done with Notonecta sp. and hydracarinids as predators. The competitive interactions between D. pulex, C , reticulata, and B , longirostris were examined in PP N. Two experiments were done in 3.5-liter Plexiglas chambers having two small windows of 102-pm Nitex netting which allowed some flow but excluded all zooplankton (except rotifers and some nauplii). Ten individuals of each species were placed in their respective chambers (starting densities varied in the first experiment) and incubated at a depth of 0.5 m for 4 weeks. All species pairs were done in duplicate or triplicate, and triplicate controls were run for each species (see Lynch 1978) .
Results
Pleasant Pond zooplankton community-In 1975, there was a period of in- Table 2 . Approximate size range (A), smallest size at first reproduction (B), and egg volume (C) for planktonic cladocerans of Pleasant Pond. All measurements are from anterior margin of head to base of tail spine, except those for Daphnia galeata mendotae which extend from eyespot to base of tail spine.
Daphnia pulex Daphnia galeata mendotae Daphnia parvula Daphnia ambigua Ceriodaphnia reticulata Bosmina lontzirostris
tense Chaoborus predation. When sampling began in mid-June, species of herbivorous cladocerans present, in order of decreasing abundance, were D. pulex, C . reticulata, B. longirostris, and Daphnia galeata mendotae (Fig. 1) . Daphnia ambigua and Daphnia parvula were also present in June in very low numbers (<2,000.m-2). Size characteristics are given in Table 2 .
The predatory copepod Cyclops vernalis (max length, 1.3 mm) was abundant only in June. Accompanying its decline was an increase in numbers of the herbivorous copepod Diaptomus siciloides (max length, 1.5 mm).
In early June larvae of the predaceous midge C . americanus were very abundant. By August they had reached extremely high densities consisting largely of newly hatched larvae, but fourth instar larvae were also present. Although September 1975 levels of Chaoborus seem low relative to the population in August, the midge larvae were still quite abundant at that time (2-5.liter-l), and almost all were third and fourth instars.
There were significant changes in the composition of the zooplankton community along with the increase of Chaoborus. Bosmina declined first, followed by declines of Ceriodaphnia and nauplii, and then of Diaptomus. By August, these species had nearly disappeared, and even the Daphnia population had declined to a very low density. While all of these crustaceans were rare, the rotifer Polyarthra vulgaris increased, followed by an increase in the predatory rotifer Asplanchna priodonta. Only after the Chaoborus population declined in September 1975 did the Daphnia population begin to recover, and even then all other species remained rare.
Invertebrate predation was mild in Pleasant Pond North in 1976. Despite the continued absence of vertebrate planktivores from PP N, the sequence of events was quite different from that of 1975 ( In the absence of these other herbivores, D. pulex became twice as abundant as in 1975. However, at the end of July, while Chaoborus was particularly rare, Ceriodaphnia suddenly replaced Daphnia, reaching densities four times greater than any recorded in 1975.
Pleasant Pond South experienced intense fish predation in 1976. At the end of June, the fathead minnow population had become well established, and the zooplankton community of PP S began to diverge from that of PP N (Fig. 2) . Daphnia pulex was completely eradicated by the end of July, and Ceriodaphnia and D. clavipes remained very rare. At the end of summer, two small daphnids, D. ambigua and D. parvula, began to appear, and rotifers became abundant (prin- cipal species were Brachionus angularis, Conochiloides sp., Filinia longiseta, Keratella quadrata, and Trichotria sp.). Despite all these changes in the zooplankton community, numbers of Cyclops and nauplii remained similar in both halves of the pond. As Fig. 2 shows, Chaoborus densities were actually greater in PP S than in PP N. However, while all of the midge larvae in PP S were in their first or second instar, most of those in PP N were in their third or fourth. Thus, although less abundant, the larvae in PP N were probably more intense predators.
Predators-The laboratory experiments provided direct evidence that Chaoborus predation is of potential significance to the Pleasant Pond herbivores. Over 24 h, individual Chaoborus consumed several of any of the cladocer- Table 3 ). The measured rates of predation on the three cladocerans almost certainly underestimate what the fourth instar larvae can do, since invariably nearly all prey were eaten. Predation by individual Chaoborus larvae is probably less intense in the natural community than in the laboratory. Lower prey densities and spatial separation of larvae and prey will reduce the rate at which Chaoborus encounters prey items.
Chaoborus predation was not measured on D. siciloides, C . vernalis, nauplii, and rotifers. Fortunately, other studies are consistent enough to make some general statements about the likelihood of such predation. Swiiste et al. (1973) estimated predation rates on Diaptomus gracilis (a species similar in size to D. siciloides) to be as high as 8.2 prey ingested per Chaoborus per day. For a slightly larger species, Diaptomus tyrrelli, Fedorenko (1975b) measured maximum daily predation rates of 30 prey ingested per Chaoborus. Independent estimates are not available for midge predation on cyclopoids, but they appear to prefer both cladocerans and calanoids, and daily rates seldom exceed 1 cyclopoid ingested per Chaoborus when alternate prey are available (Allan 1973; Anderson and Raasveldt 1974) . Nauplii may be intensely preyed upon; Fedorenko (1975b) reported rates as high as 19 prey ingested per day by second instar Chaoborus. Rotifers may be eaten, although they are not normally an important component of the diet (Fedorenko 1 9 7 5~) .
My results are not sufficient to order a preference between prey species. However, other studies have consistently shown Chaoborus to prey selectively on calanoid copepods over Daphnia and cyclopoids of similar size (Sprules 1972; Swiiste et al. 1973; Anderson and Raasveldt 1974) . Although none of these studies considered predation on calanoids relative to nondaphnid cladocerans, it is well known that small cladocerans are preferred to larger ones (Dodson 1970; Sprules 1972; Allan 1973; Anderson and Raasveldt 1974) . Very large species, such as D. pulex and D. clavipes in Pleasant Pond, have a distinct advantage since they can grow larger than Chaoborus can handle.
I found no evidence that either of the diaptomids in Pleasant Pond is predaceous. The guts of D. siciloides and D. clavipes contained only phytoplankton. Triplicate laboratory experiments similar to those used for measuring Chaoborus predation were done with 10 D, clavipes enclosed with 10 D. pulex (1.5 mm) and 10 C. reticulata (unsized). All individuals survived.
Cyclops vernalis is r:arnivorous. In laboratory experiments it consumed small cladocerans (such as Bosmina and Ceriodaphnia) at rates of about 1.d-' and preferred small ones to larger ones (Brandl and Fernando 1974; Kerfoot 1977) . It also preys on nauplii and young copepodites but cannot handle large Daphnia (Anderson 1970) .
Although large invertebrates (other than Chaoborus) seemed uncommon in 1975, no samples were taken, and no accurate statement can be made about their abundance. In 1976 no macroinvertebrates were found in PP S after 11 July (Table 4) .
It is unclear if any macroinvertebrates are significant predators on zooplankton. Laboratory feeding experiments with Notonecta sp. and hydracarinids as predators show that they can prey on Daphnia, Ceriodaphnia, and Diaptomus at the rate of several individuals per day (Table 3) . The hydracarinids seemed particularly voracious consuming nearly all available prey. There is little information regarding predation on zooplankton by the other species in Table 4 . Anderson and Raasveldt (1974) found no evidence of such predatory activity by Hyallela. The other species listed probably can consume zooplankton, but other macroinvertebrates seem to be preferred (Bay 1974). Hall et al. (1970) presented indirect evidence that when these macroinvertebrates do prey on zooplankton, they selectively remove the largest species. Chaoborus, because of its size, is probably preferred over any of the other zooplankton.
The salamander Necturus spends most of its time foraging on the bottom, as evidenced by the frequent predominance of sediment and filamentous and vascular plants in the gut and by the dominance of the benthic amphipod Hyallela axteca in the diet (Table 5 ). However, in early June, before most macroinvertebrates had become abundant, Daphnia comprised a large proportion of the diet. By August the Necturus in PP N consumed Hyallela almost exclusively, while those in PP S concentrated on Chaoborus larvae. This dietary shift in PP S was probably because of the rarity of macroinvertebrates at that time (see Table 4 ). Early in its colonizing phase, the minnow Pimephales consumed zooplankton (particularly D. pulex) almost exclusively (Table 5) . However, by August most of the zooplankters had disappeared or were substantially reduced, and Pimephales switched to feeding primarily on the sediments.
Thus. both of these vertebrates have plastic foraging strategies. Pimephales prefers zooplankton when available, but can switch to a detritus-based diet when necessary; Necturus concentrates on larger invertebrates, but can also consume Daphnia, Chaoborus, and vascular plant material.
Herbivore competition-Since the results of the herbivore competition experiments have been discussed elsewhere (Lynch 1978) , I only consider the major points here.
T h e largest herbivore in Pleasant Pond, D. pulex, is not generally the dominant competitor. Although I used a variety of starting densities and size distributions in the first experiment, Daphnia went extinct in the presence of Ceriodaphnia in nine out of nine cases; both species survived and reproduced in their control enclosures (Table 6 ). Since this experiment was run concuirently with the replacement of Daphnia by Ceriodaphnia in PP N, the results strongly suggest that the midsummer decline of Daphnia was a direct outcome of a coexploitative interaction with Ceriodaphnia. All other zooplankton species were rare in the pond during that period (Fig. 2) , so that it is unlikely that they were involved in this succession. Enclosure experiments confirmed that the demise of Daphnia was not a result of predation by Although Ceriodaphnia cannot depress the food supply to the extent that Daphnia can, its survival in the presence of Daphnia results from its lower sensitivity to a reduced food supply (Lynch 1978) . The response of all three species to coexploitative interactions was a reduction in juvenile survivorship. Adult reproduction was less sensitive to competitive interactions. Food Size Classes (,urn3) Fig. 1give the mean densities of species in the controls for this experiment. In the absence of Chaoborus, Ceriodaphnia and Bosmina maintained higher numbers in the bags than in the pond. Rotifers (particularly Keratella cochlearis) also increased in the control bags. The disappearance of these species from the pond cannot be attributed to competition with Daphnia. The abundance of all sizes of food particles was greater in the pond than in any of the control bags (Fig. 5 ). If anything, the presence of Ceriodaphnia and Bosmina depressed D, pulex. Not only did Daphnia appear to decline in the presence of Ceriodaphnia and Bosmina, (Fig. 3) , but Daphnia clutch sizes in the control bags were lower than those in the pond (Fig. 6 ). Since Cyclops declined at identical rates in the controls and the pond, its density does not seem to have been regulated by Chaoborus predation. Adding fish to enclosures also had a dramatic effect on the zooplankton community. Three species completely disappeared from all fish enclosures: D, pul e~, D. galeata mendotae, and Chaoborus. Three others appeared only in fish enclo- sures at the end of the experiment: D. ambigua, D. parvula, and A. priodonta.
In the absence of Daphnia, food levels increased over the controls in all of the fish enclosures (Fig. S ) , and the number of eggs carried by Ceriodaphnia increased severalfold (Fig. 6) . However, the abundance of Ceriodaphnia in these enclosures was dictated by predation intensity, and Ceriodaphnia was rare at the highest levels of fish predation (Fig. 3) . Mean instantaneous death rates were very low in the control enclosures (0.01-0.02.d-l), while those in enclosures with fish (and in the pond where Chaoborus predation was intense) were many times higher (0.17-0.38 d-') ( Table 7) . Since Cyclops was much more abundant in the fish enclosures, predation by Cyclops as well as by fish may have been responsible for the increase in Ceriodaphnia mortality. (The three fish enclosures in which Ceriodaphnia was rarest also had the greatest abundance of Cyclops: Fig. 3.) Bosmina was least vulnerable of the cladocerans to fish predation and indeed increased with the intensity of fish predation (Fig. 3) . The enhanced food supply in the fish enclosures was also reflected in the clutches of Bosmina, which were much larger in the presence of fish than in their absence (Fig. 6) . Not only were conditions better for reproduction in the presence of fish, but instantaneous death rates also dropped severalfold (Table 7). Average death rates for the last three sampling dates were much higher in the controls (0.14-0.20.d-l) than in fish enclosures (0.02-0.08. d-I), except for bag 9 (0.24. d-l) which also had a very dense Cyclops population. The general increase in abundance and decrease in the death rate of Bosmina in the fish en- Since Cyclops was not restricted by Chaoborus predation in the control enclosures, its increase in fish enclosures (Fig. 3 ) must have resulted from an enhanced food supply. Several possible food items (Bosmina, rotifers, and algae) were more abundant in the fish enclosures.
The results of this experiment provide by multiplying the density of the prey species by its instantaneous death rate and dividing by the density of Cyclops are plotted against prey density, the fit (adults ~l u s copepodites). Predation rates with a linear model is reasonably good, estimated in this manner will overesti-especially for Ceriodaphnia (Fig. 7) . The mate the actual rates, since the method regression lines suggest that Cyclops assumes that cladoceran mortality is en-preys more intensely on Ceriodaphnia tirely a result of Cyclops predation. How-than on Bosmina, and very little at all on ever, when the estimated predation rates Daphnia. Cladoceran size strategies-As a result dation. Instead, in the face of intense of its intermediate size, C. reticulata is Chaoborus predation, smaller morphs of vulnerable to most aquatic predators. Ceriodaphnia are favored. As Chaoborus Next to the much larger D, pulex it is the became abundant in July 1975, the maxspecies most vulnerable to vertebrate imum and minimum sizes and the size at predators in Pleasant Pond. Furthermore, first reproduction of Ceriodaphnia all deunlike many other cladocerans of its size, clined (Fig. 8) .By the end of August, the Ceriodaphnia has no spiny appurte-largest individuals observed were only nances which might thwart invertebrate half the size of those noted before the inpredators (Dodson 1974b) . crease in Chaoborus. As Chaoborus preCeriodaphnia seems to have different dation relaxed in PP N in 1976, the minsize strategies to cope with different imum size and t h e size at first types of predators. It does not grow near-reproduction increased to previous levels. ly large enough to avoid Chaoborus pre-Measurements of egg volumes for Cerio-daphnia are also consistent with the selection for smaller size under the influence of Chaoborus predation. Although the sample size is small, the eggs of Ceriodaphnia were smaller in late summer 1975 than at any other time during this study (Table 8) .
The sharp decline in the maximum size of Ceriodaphnia in summer 1975 may have been a result of selective predation by Chaoborus on the larger individuals; Dodson ( 1 9 7 4~) noted that Chaoborus increases its selectivity for prey as body size increases in the size range of Ceriodaphnia. An increase in predation on all sizes of individuals would also lower the probability of any attaining a large size. Ceriodaphnia could probably have grown larger in late 1975 if not for the presence of Chaoborus, since much larger animals were apparent in early 1976. However, it is unlikely that the reduction in the size at birth and the size at first reproduction resulted from an insufficient food supply in 1975, since food was much more abundant than in 1976 (when a very low food supply had little effect on Ceriodaphnia: Lynch 1978) .
Unlike the much larger Chaoborus, C . vernalis prefers small Ceriodaphnia to larger ones. Thus, when Cyclops predation is intense there is an advantage to Ceriodaphnia in producing large offspring and growing to a large size at the expense of early reproduction. In Pleasant Pond, Cyclops was most abundant when Chaoborus was rare-early summer 1975 and late summer 1976; during those periods Ceriodaphnia produced large offspring and began to reproduce at a large body size (Fig. 8) .
Cyclops also often became very abundant when vertebrate predators were present. Since the maximum body size declines in the face of fish predation (Fig.  9) , Ceriodaphnia cannot thwart Cyclops by growing large without increasing its vulnerability to fish. Under such circumstances, Ceriodaphnia produces large offspring (Fig. 10 ) which are less vulnerable to Cyclops and also begins reproduction at a small size (Fig. 9) . Invertebrate predators are less of a problem for D. pulex. It is too large to be of much interest to Cyclops, and it can grow large enough to escape Chaoborus predation. When Chaoborus predation was very intense in late summer 1975, Daphnia began reproduction at a large size and produced large offspring (Fig.  11 , Table 8 ). As Chaoborus predation relaxed in 1976, the size at first reproduction declined considerably and smaller offspring were produced. Further work is needed to determine whether these size changes are a response to an alteration in the physical or nutritional status of the environment or are true shifts in the genetic structure of the populations.
Discussion
These results suggest a general framework for the Pleasant Pond zooplankton community. When vertebrate predators are rare, the composition of the community is most closely related to abundance of Chaoborus (Fig. 12) . However, since several of the factors that may be responsible for regulating the midge populations are unpredictable (abundance of prey in previous generation, abundance of macroinvertebrate predators, physical constraints such as overwintering conditions, or timing of emergence and reproductive success of adults), the composition of the zooplankton community may vary significantly from year to year when planktivorous fish are absent.
The most abundant herbivore is always D. pulex or C , reticulata in the absence of vertebrate predators. When Chaoborus is rare or absent, Ceriodaphnia is able to express its competitive superiority over D. pulex and is the dominant herbivore. The smaller forms (Bosmina and rotifers), their predator, Cyclops, and Diaptomus may also be present under these conditions, since they are not often eaten by
Chaoborus.
As in the food supply allows the small rotifers and their predator, Asplanchna, to increase rapidly enough to offset potential losses to Chaoborus.
The most immediate effect of fish predation is the reduction of the two largest species, Chaoborus and D. pulex (Fig.  13) A small pond studied by Kwik and Carter (1975) which seemed to have no predators had a zooplankton community dominated by small species (B. longirostris, Ceriodaphnia quadrangula, and D. ambigua) . Sunfish Lake, a small meromictic lake in southern Ontario, has neither Chaoborus nor Leptodora and no pelagic fish (Clark and Carter 1974) . Its most abundant zooplankters are of intermediate size-Daphnia rosea, Daphnia retrocurva, and Diaphanosoma leuchtenbergianum. Finally Hall e t al. (1970) found C , reticulata to be the most abundant species in a series of experimental ponds lacking fish; D. pulex was only present early in summer. Chaoborus, Notonecta, and Buenoa were present in these ponds.
It is not clear that the small species dominating these lakes are superior competitors, but their abundance in the absence of vertebrate predators indicates that a theory more complex than that proposed by previous workers is necessary to explain adequately the distribution of zooplankton species. The future development of a theory for zooplankton community structure requires a finer understanding of the factors influencing the competitive ability of different species. It is particularly important that the mechanism of competition (the relation of reproduction a n d survival to resource abundance) be understood, since the demographic consequences of food limitation may increase the sensitivity of a species to other adverse community interactions. For instance. the eradication of large herbivores by "ertebrate predators may be accelerated by the appearance of smaller competing species which cause reduced juvenile survival, smaller clutch sizes, or both.
Furthermore, the significance of invertebrate predators in structuring zooplankton communities cannot be assessed until the factors regulating their populations are known (especially in vertebrate-free environments). In Pleasant Pond, Chaoborus could reach high enough densities to cause extinction of herbivores: Cu-, " clops could not. Chaoborus may become abundant enough to eradicate any one prey species because it can accept alternate prey. The ability of predaceous copepods to exclude prey species may be limited for two reasons. First, because of their small size (compared to Chaoboru s ) , they are restricted to a narrow range of prey items and may be unable to sustain themselves once a preferred prey species nears extinction. Second, an abundant population of any herbivore, necessary to sustain a large population of predaceous copepods, will also be in direct competition with herbivorous nauvlii.
Finally, adding precision to any theory for zooplankton community structure will require knowledge of the relative sensitivity of different species to abiotic factors and to dispersal barriers. For instance, several species common in nearby lakes were never found in Pleasant Pond-D.
retrocurua, Diaphanosoma b r a c h y u r u m , L e p t o d o r a k i n d t i i .
We need to elucidate the mechanisms excluding them from the pond.
